RESEARCH '52{250), October 1, 2016 


=) Discovery 


Total electron content and electron density 
profile observations during geomagnetic storms 
using COSMIC satellite data 


Niraj Bhattarai‘, Narayan P Chapagain’, Binod Adhikari? 


“Patan Multiple Campus, PatanDhoka, Lalitpur, Tribhuvan University, Nepal 
2.Amait Science Campus, Kathmandu, Trihuvan University, Nepal 


Article History 
Received: 04 August 2016 
‘Accepted: 10 September 2016 
Published: 1 Octaber 2016 


Citation 
Niraj Bhattarai, Narayan P Chapagain, Binod Adhikari. Total Electron Content and Electron Density Proflle Observations during 


‘Geomagnetic Storms using COSMIC Satelite Data. Discovery, 2016, 2(250), 1979-1980 


Publication License 


(© The Authors) 2016. Open Access. This articles Icensed under a Creative Commans Attribution License 4.0 [CC BY 40), 


General Note 
Ghee a rcetmecd 0 pelt a oor dit van need pape 


ABSTRACT 
‘otal Electron Content (TEC) and electron density are the basic parameters, which determine the major properties of the Ionosphere. 
Detal study of the ionospheric TEC and electron density variations has been carried cut during geomagnetic storms, with longitude 
and latitude, forfour different locations: (24°W-14°W, 25°5-10°S) (53°W- 46"W, O4°N-14°N);(161°E-165°E, 42°S-34°S), and (135°W- 
120°W, 39°S-35°S) using the COSMIC satellite data. In order to find the background conditions of the ionosphere, the solar wind 
parameters such as north-south component of interplanetary magnetic field (82, plasma velocity (Vsw), AE, Dst and Kp indices, 
have alzo been coreelated withthe TEC and electran density. The results illustrates that the observed TEC and electron density profile 
significantly vary with longitudes and latitudes as well This study llustrates thatthe values of TEC and the vertical electron density 
profile are influenced by the solar wind parameters associated with solar activities. The peak value of electron density and TEC 


increase as the geomagnetic storms becomes stronger. Similarly, the electron density profile vary with altitudes which peaks around 
the altitude range of about 180-280 km, depending on the strength af geomagnetic storms. The results clealy show that the peak 
‘electron density shifted to higher altitude from about 180 km to 200 km) as the geomagnetic disturbances becomes stranger. 
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1. INTRODUCTION 
In the outer earth's environment, solar radiation strikes the atmosphere with high density. The intense level of radiation is spread 
‘over a spectrum ranging from radlo frequency through IR (Infrared Radiation and X-ray [1]. The intense X-ray and UV ionized region 
of the atmosphere is plasma containing the charged particles; electrons and ions. Te ionizing action of the sun's radiation an the 
‘earth's upper atmosphere produces fee electrons, Above about 60 km, the number ofthese fre electrons is sufficient to affect the 
propagation of electromagnetic waves (1. 

The number af free electrons along the ray path of one-meter-quared crass section that extends all the way up from the 
‘ground through the ionosphere is referred as total electron content [TEC] [23]. the electron columnar number density. Its uit 
TECU, 1 TECU equals to10 electrons per square meter [2]. A method of the calculation of the TEC using the dual GPS satelite 
system is found to be discussed ina paper by Shim [2] The constituents and chemical composition of the ionosphere as a wale is 
not same. It varies wit altitude and temperature. The main campasiton of the D region is No, Os, Ar, COs, He, besides this highly 
Variable quantity of Os and H.0 are also present, [4,§, 6,7, 8]. And dust particles sustaining in the atmosphere along with some 
‘races of Iron and Sodium received from the meteor debris. There are some other negative ons likeO2”, electrons, etc. In the Eand F 
region mainly the molecular ions ikeNO, 02°,0"and N2"are dominating. In the upper F region fons liked", Hand He are present 
[8]. This paper pointed out that the dynamics of the ionosphere and the variation in the plasma density was due ta prolonged 
‘exposure {0 the low-level extreme ultra violet (EUV) radiation. Also the causes of ionization of neutrals and molecules of the 
diferent regions ofthe ionosphere are proved to be governed by solar UV rays X-Rays, Lyman alpha radiation and galactic cosmic 
rays [9]Furthermore, the response of low-lattude ionosphere to the geomagnetic storm of 24 August 2005 was discussed by 
‘Sharma et al. [3], They reported the ionospheric influence ofthe different geomagnetic disturbances and solar wind parameter 


observed with the diferent events of TEC values. 

During a geomagnetic disturbance, there is an energy input inside the magnetosphere and lenosphere, sthich changes 
ionospheric parameters, such as composition temperature and circulation. But during quist periods, measurements on the ground 
do not present significant disturbances. Geomagnetic storms are initiated due to the activites on the Sun, mainly by the flares 
and/or the coronal mass ejection, when the solar wind velocity, temperature and density vary drastically, accompanied by significant 
changes In the north-south component ofthe interplanetary magnetic field (IMF) [3] This paper have studied the response of 
lovelatitude ionosphere tothe geomagnetic storm of 24 August 2005 in terms of variations in TEC. Also the latitudinal variations in 
TEC from anomaly crest region in the northern hemisphere down to near equatorial stations that le within 75YE © 3° (Lacal Time, LT 
"= UT + 0500, at 75°2) and langjtudinal variation in TEC for the GPS satelite data has been studied. In a paper (10] a comparative 
study of TEC was carried out using different satelite data. The paper also reviewed the progress inthe development of tomagraphic 
inversion techniques using total electran content measurements to image the janosphere as an aid to various radia systems 


applications 

In this paper, we have studied the TEC and electron density profil ofthe ionosphere for fur different geographical locations 
using COSMIC satelite data by choosing cases of different geomagnetic storms. For this we have selected four diferent solar and 
‘geomagnetic storms time in the years 2011, 2012 and 2014 including ane geomagnetic quiet time event, Planetary-scale magnetic 
‘activity is measured by the Kp index and south- north campanent of interplanetary magnetic field, B2[11, 12), which isthe basis of 
the event selection. n those events, we have investigated the storm effect inthe ionosphere by abserving the variation of TEC with 
latitude and longitude and electron density profile with respect to altitude, longitude and latitude foreach event. At last a collective 
‘comparison ofthe electron density profile forall the events taken together has been analyzed. 


2. DATA AND MEASUREMENTS. 
(We have used Internet based supply of data provided by Operating Mission as Nodes on the Intemet web system (OMNI) and 
Constellation Observing System for Meteorclogy, Ionosphere, and Climate (COSMIC) satellite system. From OMNI system we have 
used the data forthe events selection, And forthe selected date time and geographical locations, we have taken data supply of the 
TEC and electron density profle from the COSMIC Satelite system, These data are processed and provided to the thousands of the 
users by COSMIC data analysis and archive center (CDAAC) of the university corporation for atmospheric esearch (UCAR), The date 
and the time of the data taken is tabulated in Table-1 
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‘Tablet Selection of the events 


Events Date Time (UT) 
Event Te Aug 2014 1947 
Event 2 Bi Rag 2014 Taz 
Event Ta Nav 2012 0302 
‘Event 26 Sep 2017 Te0T 


2.1. OMNI and COSMIC System 
‘OMNI project isan internet based data explorer system developed by the National Aeronautics Space Administration (NASA) From 
‘OMNI system we have used data observation of horizontal companent of the magnetic fed (82), plasma velocity (Vsw) and indices: 
Kp, AE and Dst. The detail about these parameters can be found in paper af [13, 14, 15, 16. These data are made freely accessible 
from the web page httn//omniveb gsfenasa.gov/ow htm 

In 15 April 2006, 0140 UTC, six microsateltes were launched into a circular, 72" inclination orbit at an altitude of $12 km from 
Vandenberg Air Force Base, California [17]. The mission is a collaborative project of the National Space Organization (NSPO) in 
Taiwan and the UCAR in the United States. The mission is called COSMIC inthe United States and the same mission fs named ax 
Formosa Satelite Mission 3 (FORMOSAT-3) in Taiwan, After launch the six satellites were orbiting very close to each other atthe 
initial altitude of 512 km, During the frst 17 months following thet launch the satelites were gradually dispersed into thelr final 
obits at ~800 km, with a separation angle between neighboring orbital planes of 30" longitude {18} The primary payload of each 
COSMIC satelite is a GPS radio-cccultation receiver developed by the NASA's Jet Propulsion Laboratory (JPL) By measuring the 
phase delay of radio waves from GPS satelites as they are occulted by the Earths atmosphere, accurate and precise vertical profiles 
Cf the bending angle of radio wave trajectories are obtained in the ionosphere, stratosphere, and troposphere, From the bending 
angles, profiles of atmospheric refractvty(N) is obtained [18 The refractvty N isa function of temperature (7), pressure (p), water 
vapor pressure (), and electron density (n.).The relation for electron density is given by 


a? atc ecioaid A 
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‘Where, fis the frequency of the GPS cartier signal Hz). The detall method of the calculation of the TEC for the COSMIC satelite 
system is described by Yue et al[19}. The current orbital configuration of COSMIC system is giving global coverage of approximately 
2000 abservation soundings per day, distributed nearly uniformly i lacal solar time. The observations data are obtained from the 
Website of the Tatwan Analysis Center for COSMIC (TAC) in Talwan at httoy/tacccwsqoviw and also available through the UCAR 
Web site at wiww.cosmicucaredus In this work we have used the essential data fram the above mentioned site. The data has been 
analyzed using MATLAB program. 


3. RESULTS AND DISCUSSIONS 
In this section we have described the observations and result f four cifferen events. The event 1 i selected for quiet day, while the 
‘other 3 events are selected from geomagnetic storms days, We have platted TEC and electron density profile with langitude and 
latitude and electron density profile with altude for each event and finally dlecussed their comparison studies, 


2.1. Observed Solar Wind Parameters 
Figure-1 represents the OMNI datasets during the Event-1 from 15-17 August 2014. According to Gonzolez et al. [16], geomagnetic 
storms can be classified as: weak (-50 <Dst<~30nT), moderate (-100 <Dst<~S0nT), intense (-250 <Dsts-100nT}, and very intense 
(Osts-280nT. In this figure, the value of 8 lies in between -4 nif to 5 nT, plasma speed is around 300knY/s, Kp value do nat exceed 
3, Dat index lies near 2era with small negative values and the AE indexs below 100 nT. Thus the all solar wind parameters and the 
‘geamagnetic indices have low values, with characterizing Event-1 a quiescent condition or quiet event. The values of salar wind 
parameters are observed to vary throughout the time interval between 15 to 17 August but our work is focused only in a point af 
the time interval represented by double arrow in the AE panel, 
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Figute-2 represents the OMNI datasets during the Event-2 from 26-28 Aug 2014. inthis figure, the geomagnetic indies present 
moderate values. The value of Br lies in between -10 aT to 4 nT, plasma speed shows a consistent value of about 300km/s. Kp value 
{do nat exceed 5. The Ost index shows a moderate value of 75 nT at its least and the AE index lies in between zero to 1000 nT at 
‘most. Thus the solar wind parameters and interplanetary magnetic field show moderate values, for Evant-2. Inthe fist pane ofthe 
figure we can observe thatthe value of Bre about -10 nT for some hours This range is marked by the double arrow drawn inthe AE 
panel. In this event, ur work is focused to observe the variation af TEC and electron density in the time interval represented by 
double arrow in the AE panel 
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Figure 1 From top to bottam, the panels shows the variations of the south-narth campanent af magnetic field Bz (a) in GSM 
coordinate system, solar wind plasma speed, Vsw, (km), Kp, Dst (nT) and AE (ni) indices with time (days) respectively. The arraw in 
the AE panel marks the selected time interval for Event, 15-17 August 2014 


Figure-3 represents the OMNI datasets during the Event-3 from 13-15 November 2012. In this figure, the value of 8 lies in 
between -17AT to T7aT. The maximum plasma speed is observed to about 450km/, Similarly Kp index value lies in between 2er0 
land 5. The Dat index starting from zero falls ta -110 nT to its minimum value and at last panel we observed the AE index lies in 
between Ont and 1000nT. Br reaches to -17nT for some houts as indicated by the double arrow in the AE panel. We study the 
\atiation of the TEC and electron density ofa point at ths particular time interval. Similarly, Figure-4 represents the OMNI datasets 
‘during the Eyent- fram 25-27 September 2071 In ths figure, the south-north campanent af interplantary magnetic fl (BH) les 
in between -24 nT to 1OnT. Similarly other solar wind parameters like plasma speed shows @range of 300 to 700 knvs, Kp index has 
value in between zero to 7. The Dst index reaches a deepest value of -120nT starting from zero and the bottom panel shows the 
variation of AE index from zero to a peak value of 1800 nT. Bzis observed ta approach -24nT forenly a shor interval af tie, which is 
indicted by the arrow in the AE panel. Que work i focused to observe the variation of TEC and elactron density with longitude and 
latitude and also electron density variation with altitude a a poi during ths interval 
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Figure 2 From top to bottom, the panels shows the variations af the outh-narth component of magnate field Bx (a) in GSM 


coordinate system, solar wind plasma speed, Vow (km/s), Kp, Dst (aT) and AE (ni) indices with time (days) respectively. The arrow in 
the AE panel marks the selected time interval for Event2, 26-28 August 2014 
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Figure 3 From top to bottom, the panels shows the variations af the south-narth campanent of magnetic field (7) in GSM 


coordinate system, solar wind plasma speed, Vsw, (km), Kp, Dt (7) and AE (a) indices with time (days) respectively. The arrow in 
the AE panel marks the selected time interval fr Event-3, 13-15 November 2012 
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Figure 4 From tap to bottom, the panels shows the variations ofthe south-north component of magnetic il (7) in GSM 
coordinate system, slar wind plasma speed, Vou (nV), Kp, Ost (7) and AE (nT indices with time (days) respectively. The arow in 
the AE panel marks the selected time interval for Event-4, 25-27 September 201, 


32.2. Observed TEC and Electron Density Variations 
Plots (a) and (b) in Figure-5 show the variations of TEC and electron density with latitudes (range 25'S to 10°S), respectively. With 
decrease in latitudes from latitude 25°S to 10'S), both the TEC and electron density gradually increased, TEC increases from nearly 
2eFo to a peak value of 120 TECU and electron density exponentially increases fram alow value of about 0.110 to 6x10%ekem™, 
Both TEC and electron density increase towards the high-latitude regions and peaks are obtained a latitude about 12'S. Pots (c) 
and (d) in Figure-S show the variations of TEC and electron density with longitude (ange 24°W to 14W), respectively. As we go from 
longitude 24'W to 14W, we see the TEC and electron density value gradually increasing, where TEC increases from neatly zero to a 
peak value of about 120 TECU and electron density reaches a peak value 6*10¥elem”*Both TEC and electron density reachits peak 
Value at 16W of prime meridian 

Plats (a) and (b) in Figure-6 show the variations of TEC and electron density wit latitude (range O#'N to 14°N) respectively. As we 
{90 from latitude O4'N, to 14'N, we see the TEC and electron density gradually increasing, where TEC increases from near zero to a 
peak value of 200 TECU and electron density reach a peak value of 7.8«10%elem™and then bath decrease on moving further right. 
Both TEC and electron density reaches its peak value at 12°N. Plots (c) and (4) in Figure-6 show the variations of TEC and electron 
density with longitude (range 53'W to 46'W) respectively. We see peak values of TEC and electron density at around longitude STW 
‘of prime meridian, and both of them gradually decreases as we move either side ofthat location. The pak TEC is observed to be 
200 TECU and density is observed to be 78x10%elem™! 
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Figure 5 The variation of (a) TEC (TECU) with latitude (degree), b) electron density (elem) with latitude (degree, () TEC (ECU) 
with longitude (degree) and (4) electron density lem”) with longitude (degree) from Event-1 on 16 August 2014, 1941 UT. 
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Figure 6 The variation of (a) TEC (TECU) with latitude (degree), b) electron density (elem) with latitude (degree, () TEC (ECU) 
with longitude (degree) and (4) electron density lem”) with longitude (degree), Event-2, 27 August 2014, 1122 UT. 
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Figure 7 The variation of (a) TEC (TECU) with latitude (degree), b) electron density (elem) with latitude (degree, () TEC (ECU) 
With longitude (degree) and (4) electron density elem”) with longitude (degree, Event-3, 14 Novernber 2012, 0302 UT. 


Plats (a) and (b) n Figure-7 show the variations of TEC and electron density with latitude (range 42'S to 34°S) respectively. As 
we go from latitude 42'S to 24°S we see the TEC and electron density value gradually increasing, where TEC increases from near 2er0 
value to a peak value of 320 TECU and electron density reach a peak value of 9x10%elem™and then density decrease on further 
‘moving right whereas TEC remains almost constant fora vile and shows a sudden decrease. Bath TEC and density reach its peak 
Value at 37'S Pots (c) and (d) in Fiqure-7 show the variations of TEC and electran density with longitude (range 16E to 165°E) 
respectively. We see peak values of TEC and electron density at around longitude 162'E TEC inital at its peak value at 161, 
decrease gradually an moving higher longitude, whereas electron density decreases as we move either side of 162°E. The peak value 
TEC is 320 TECU and density is8x10%elem Plots (a) and (b) in Figure-8 show the variations of TEC and electron density with 
latitude (ange 38'S to 35'S) cespectively.As we go from 38'S to 38° latitude, we see the TEC and electron density value increasing, 
where TEC increases from its intially considerable value to @ peak of 380 TECU. Similarly electron density increase and reach a peak 
value of 11540%elem™. Beyond these peak point, TEC as well as density curve shows gradual decrease in values on further moving 
right. Both TEC and electron density reaches its peak value at 38'S latitude 

Plats (c) and (a) i Figuee-8 show the variations of TEC and electron density with longitude (range 135'W to 120'W) respectively. 
\With the decrease in longitude fram 138'W, TEC and electron density slowly increases to a peak value and then starts decreasing on 
‘going further above, The peak values of TEC and electran density are observed ta be 380 TECU and 11.5%10%elem™at around 
longitude 133° W of prime meridian respectively, Table 2 summarizes results ofthe events 1-4 for values Bx, Kp, electron density 
and TECU obtained from Figure-S through Figure. It shows that the peak value of electron density for Event-1 to Event are 
x05 elem-3, 78+10%elem-?, 9 x 10%el/emand 115 x 10%el/em? and peak value of TEC are 120, 200, 320 and 380 TECU 
respectively. These peak values are observed a latitude, longitude) = (12'S, 16, (12°N, S1'W, (37'S, 162°), and (38°, 133° W) af 
Event-1 to Event-4 respectively. The results show that with increase ofthe strength ofthe geomagnetic storms from event 1 to event 
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in good agreement with the previous studies (1,20, 3. 


Tec 


Tec 


26 Sept 2011,1801 UT 


‘The nature ofthe variations of electron density and TECU we observed are 
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Figure 8 The variation of (a) TEC (TECU) with latitude (degree), b) electron density (elem) with latitude (degree, () TEC (ECU) 


With longitude (degree) and (4) electron density (elem™*) with longitude (degree, Event-4, 26 September 2071, 1801 UT. 
‘Table 2 Summaty of events 1-4 for, Kp electron density, and TECU 
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2.3. Electron Density Variations with Altitude 
Figure-9 shows the variations of electron density with the altitude for the four diffrent events associated with different 
‘geomagnetic storms. The plats with blue, green, black and red curves represents for Event- 1, 2,3 and 4 respectively. Blue curve 
reflects with the increase in atude, electron density increases and reaches a maximum of 610% elem”? at a height of ~180km and 
then gradually decreases above that height. Green curve shows with the increase in altitude ofthe ionosphere, electron density also 
increases and reach a maximum of 7.8*10%elem~® at a height of 240 km and then again gradually decreases above that height 
towing comparatively less electrons present above 600 km. Black curve initially shows some fluctuation of elacron density that 
reaches a peak value of about 9x 10°el/cm?at an altitude 280km and its value draps exponentially on further increasing altitude. 
‘The red curve shows withthe increase in altitude of the ionosphere, electron density profile also increases and reaches a maximum 
of 1.5% 10¥el/em* at a height of 280m and then again gradually decreases above that height showing very less electron density 
profile above 800km. 
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Figure 9 Comparison af electron density variations with altitude (km), from the four different events 


The nature of the curve of electron density profile versus altitude i similar forall the events [Figure], but the magnitude of the 
<lectron density is increased from Event-1 through 4These results are in agreement with previous results (10,20, 3} and the nature 
cf the curve we observed is similar to that reported by Haj and Reman [21], and Stolle etal. (22) Inthe works of Haj and Romans 
[Rt], electron density profile is taken from the GPS/MET (Giobal Positioning System/ Meterolagy) and CHAMP (Challenging 
Minsatelite Payload) radio occultation data, During geomagnetic disturbance there is an energy input inside the magnetosphere 
and ionosphere, itis predicted that a quit state of ionosphere starts to be unsettled which change ionospheric parameters, such as 
composition, temperature and circulation. But during quiet periods, measurements on the ground do nat present significant 
disturbances (11, 23, 24], Mainly the energy input comes in the ferm of cosmic ras fram the outer space, energetic radiations like 
UY rays X-rays and infared radiations during high solar activities, solar flares, solar storms and many other geomagnetic activities. 
‘The magnitude ofthe radiations received is dependent on the day and night as wall as the period of salar cycle We concluded that 
when there is high energy input, perturbation of the ionosphere increase and the molecules and atoms receiving sufficient energy 


ionizes the gases, with thus increasing the numberof free electrans. This consequently aids to increase the electron density as well 
fs the TEC 
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4, CONCLUSIONS 
We have studied the variations of electron density profile and TEC with longitude and latitude for the events of different 
‘geamagnetic storms using data from ONMI and COSMIC satelite system For this study, we have used solar wind parameters such 
‘as Kp and Ost values, AE index, plasma dift velocity, and interplanetary magnetic field, We selected four different events 
‘geomagnetic quiet to strong disturbances from four different locations: (24°W-14°W, 25°S-10°S) (63°W- 46°W, O4°N-14°N};(161°E- 
GSE, 42°S-24°5), and (135°W- 120°W, 39°S-35°S). The results show that TEC and electron density significantly vary with longitude 
‘and latitude. The observed electron density and the TEC fllaw the similar trend of variations forall longitudes and latitudes, in each 
‘event. The peak values of electron density for Event-1 through Event-d are as: Gx10° el/em#, 7.8¢10%el/em!, 9x 10Sel/cmand 
11.5 x 10°el/am®, respectively. We observed the peak value of electron density and TEC increase en moving from Event-1 through 
Event asthe geomagnetic storms becomes stronger. Similarly, the electron density profile varies with altitudes which peak around 
the altitude range of about 200-280 kim depending on the strength of geomagnetic storms. The results clearly show that the peak 
electron density shifted to higher altude ar the geomagnetic disturbances increases. As part of future investigation, we are 
planning to study the long-term data set of TEC and electron density prafile from COSMIC satelite measurements and perform the 
‘comparative study from other measurements bath from ground- and space-based observations from diferent regions. 


ACKNOWLEDGEMENTS 
This work was supported by Department of Physics, Patan Multiple Campus. And special thanks to the office of 8 P. Koirala 
Memorial Planetorium, Observatory and Science Museum Development Board (BPKMPOASMDB),Kirtipur Kathmandu for providing 


scholarships to Nirajahattaal to complete his dissertation work. 


REFERENCE 

1. KG Budden, The propagation of radio waves, Cambridge 
University Press, ISBN 0 521 36952 2, 1985, 

2 1. S. Shim, “Analysis of Total Electron Content (TEC) 
Variations in the Low- and Middle-Latiude Ionosphere” 
Doctoral physics dissertation, Utah State University, paper 
403, 2009, 

3, S. Sharma, P. Galav, N, Dashora, S. Alex, RS. Dabas, and R. 
Pandey, Response of low-latitude ionospheric total electron 
content to the geomagnetic storm of 24 August 2005, | 
Geophys. Res, 116, AOS3IT, dot 10.1029/2010)A016368, 
2an1 

4. RE Huffman, The Formation of lons in Upper Atmosphere, 
GRD Research Notes No.6 AFCRL 851, AD 273998, 1961 

5. M. H. Rees, Physics and Chemistry of the Upper 
‘Atmosphere, Cambridge University ress, New York, ISBN O- 
521-32305-3, 1989. 

6. M.C, Kelley, The Earth’s Ionosphere: Plasma physics and 
electrodynamics, vol. 96, Academic Press, San Diego, 
California, 2008, 

7._N.P. Chapagain, Dynamics of Equatorial Spread F Using 
GGround:Gased Optical and Radar Measurements, Ph. 
Thesis, Utah State University, Logan, Utah, 2011 

8 A Hirsikko, T. Nieminen, S. Gagne, K. Lehtipalo, H. & 
‘Manninen, M.Ehn, U. Horr, VM Kerminen, L. Laakso, PH 
McMurry, A. Mime, S. Mime, T. Petaja, H. Tammet, V 
Valkari, M. Vanat, and M. Kulmala, Atmospheric ions and 
nucleation: a review of observations, Atmos. Chem. Phys, 
vol 11, dot105184/acp-11-767-2011, (2011) 767-798, 


8. 8 Zolesi and L_R Cander, lonospheric Prediction and 
Forecasting, Springer Geophysics, DOL 10,1007/978-3-642- 
38430-1, 2, 2014, 

10. Kersley, D. Malan, S. Eleripyse, LR. Cander, R.A 
Bamford, A Belehaki, R Leitinger, S. M. Radical CN. 
Mitchell and P. S.J. Spencer, Ttal Electron Content- A Key 
Parameter in Propagation: 
lonespheric Imaging, Annals of Geophysics, Supplement to 
Vol.47,N.2/3, 2004, 

11,8 Adhikan, HILDCAA-Related Effects Recorded in Middle 
low Latitude 


Measurement and use in 


Magnetometers, InstitutoNacional de 
PesquisasEspacias, Sa0 Jose dos Campas, Brasil 2015, 

12.8 Adhikariand N. P. Chapagain, Polar Cap Potential and 
‘Merging Electric Feld during High Intensity Long Duration 
Continuous Auroral Activity, Journal of Nepal Physical 
Society, Vol 3, No.1, (2015) 6-17 

13.4. Bartels, Potsdamererdmagnetischekennsifern, 1 
rmittellung, Zeitschrift fur Geophysik, vol. 14, (1938)699-718, 

14M. Sugiura, Hourly values of equatorial Dst for the IGY, 
‘Annuals of the International Geophysical Year, vol 35, 9 
1964 

15.7 N. Davis and M. Sugiura, Auroralelectrojetactivity index 
{AE and its universal time vatations. Journal of Geophysical 
Research, vol. 71,785, 1966, 

16,W. D. Gonzalez, J, A Joselyr, ¥. Kamide, H. W. Kroehl, 6 
Rostoker, B. T. Tsurutan, V. M. Vasyliunas, What is a 
‘geomagnetic storm qm?, Journal af Geophysical Research, 
vol. 99, (1984) 5771-8782, 


rye 989 


YC Z Cheng, ¥. H. Kuo, RA Anthes, and L Wu, Satellite 
constellation monitors glabal and space weather. Eos, Trans 
‘Amer. Geophys, Union, vo. Y, (2006) 166-167, 

TERA Anthes, Exploring Earth's atmosphere with radio 
fcultation: contributions to weather, Climate and space 
weather, University Corporation for Atmospheric Research, 
‘Almos. Meas, Tech, vol. 4, doi:10.5194/amt-4-1077-2011 
(2ayn077-1103 

18.1. Klobuchar, lonospheric Physics Division Alr Force, 
Geophysics Laboratory Hanscom AFB, MA 01731, 1991 

20.41. Mannucci, 8D. Wilson, and C. D. Edwards, A new 
‘method for monitoring the Earth's lenospherie total 
electron content using the GPS global network, in 
Proceedings of ION GPS-83, the 6th Intemational Technical 
Meeting of the Satellite Division of The Institute of 
Navigation, Salt Lake City, The Institute of Navigation, 
Alexandria, (1993)1323-1332, 

21.6. A. Halj and LJ, Romans, lonospheric electron density 
profiles obtained with the Glabal Positioning System: 
Results from the GPS/MET experiment, Radio Science, vol 
33, No.1, (1998)175-190, 

22.6 Stollel, N. Jakowsk, K. Schlegel, and M. Rietveld, 
Comparison of high latitude electron density profiles 
‘obtained with the GPS radio occultation technique and 
EISCAT measurements, Annales Geophysice, SRef-ID: 
1432-0876/ag/2004-22-2015, 2004 

2A.N. PChapagain, Hlectradynamics of the Low-atitude 
Termosphere by Comparison of Zonal Neutral Winds and 
Equatorial Plasma Bubble Velocity, Journal of Institute of 
Science and Technology, Thibhuvan University (2015) 2002): 
a49 

24.8 Tsurutani, etal (2004), Global dayside ionospheric uplift 
and enhancement associated with interplanetary electric 
fields, 1. Geophys. Res, 103, AO#202, dot10.1029/2003 
sagvo3t2 


rye1990 


